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METHOD OF DETERMINING A SPATIAL 
DISTRIBUTION OF MAGNETIC PARTICLES 

The invention relates to a method of determining a spatial 

distribution of magnetic particles in an examination area. The 
invention furthermore relates to an apparatus for carrying out 

the method according to the invention and to a computer 
program for controlling the apparatus according to the inven 
tion. 

A method of the type mentioned above is knoWn from DE 
101 51 778. In the method described in said document, ?rstly 
a magnetic ?eld is generated such that in the examination area 
there is a ?rst part-region having a relatively loW magnetic 
?eld strength and a second part-region having a relatively 
high magnetic ?eld strength, that is to say in the ?rst part 
region the magnetic ?eld strength is loWer than in the second 
part-region. The spatial position of the part-regions in the 
examination area is then changed so that the magnetization of 
the particles in the examination area changes locally. Signals 
are recorded Which depend on the magnetization in the 
examination area, said magnetization being in?uenced by the 
change in spatial position of the part-regions, Wherein infor 
mation regarding the spatial distribution of the magnetic par 
ticles in the examination area is obtained from these signals so 
that an image of the examination area can be produced. DE 
101 51 778 proposes reconstructing an image of the exami 
nation area by applying to the measured signals a reconvolu 
tion operation With a magnetization function Which depends 
on the magnetization characteristic of the magnetic particles. 

One disadvantage of this knoWn method is that the recon 
struction leads to images of the examination area Which have 
a quality that is often not su?icient for example for a diagnosis 
in medical applications. 

It is therefore an object of the present invention to provide 
a method of the type mentioned above in Which the quality of 
the produced image is improved. 

This object is achieved by a method of determining a 
spatial distribution of magnetic particles in an examination 
area, comprising the steps 

a) generating a ?rst, temporally constant magnetic ?eld With 
a spatial course of the magnetic ?eld strength such that in 
the examination area there is a ?rst part-region having a 
relatively loW magnetic ?eld strength and a second part 
region having a relatively high magnetic ?eld strength, 

b) changing the spatial position of the tWo part-regions in the 
examination area so that the magnetization of the particles 
changes locally, 

c) recording real measured values Which depend on the mag 
netization in the examination area, said magnetization 
being in?uenced by the change in position of the tWo 
part-regions, 

d) reconstructing the spatial distribution of magnetic particles 
in the examination area from the real measured values, by 
means of the folloWing steps: 

providing a transfer function Which, applied to a depen 
dence distribution Which depends on a spatial distribu 
tion of magnetic particles, supplies ?ctitious measured 
values, and also providing a regularization parameter 
and a regularization functional Which can be applied to a 
dependence distribution Which depends on a spatial dis 
tribution of magnetic particles, 
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2 
determining a dependence distribution Which depends on a 

spatial distribution of magnetic particles, such that a sum 
Which comprises as summands 

i) the difference of the real measured values from ?ctitious 
measured values Which are determined by applying the 
transfer function to the dependence distribution, and 

ii) the product of the regularization parameter and of a 
regularization value Which is determined by applying 
the regularization functional to the dependence distribu 
tion, is minimized, 

e) determining the spatial distribution of magnetic particles 
from the determined dependence distribution. 
The expression “real measured values” includes measured 

values Which have been recorded in step c) or Which have 
been determined directly from these recorded measured val 
ues, for example by means of a Fourier transformation or by 
multiplication by a factor. By contrast, the expression “?cti 
tious measured values” refers to measured values Which are 

determined by applying the transfer function to a dependence 
distribution. 
The dependence distribution is dependent on the spatial 

distribution of magnetic particles and thus contains informa 
tion about this spatial distribution of magnetic particles, so 
that this spatial distribution can be determined in step e). 

According to the invention, therefore, a transfer function 
Which, applied to a dependence distribution Which is for 
example the same as the spatial distribution of magnetic par 
ticles, leads to ?ctitious measured values is provided, along 
With a regularization parameter and a regularization func 
tional. The use of the transfer function, the regularization 
parameter and the regularization functional according to step 
d) leads to an image quality of the spatial distribution of 
magnetic particles in the examination area Which is improved 
compared to the image quality in the method described in DE 
101 51 778. 
The dependence distribution is the same as the distribution 

of magnetic particles in the examination area, and as a result 
step e) can be omitted and the method according to the inven 
tion is simpli?ed. 

In the embodiment, a transfer function is determined and 
provided in a manner Which is easy to carry out and With a loW 

calculation complexity. 
A spatial test distribution of magnetic particles in the 

examination area is provided and in each case spatial distri 
butions of magnetic particles are calculated for different com 
binations of regularization parameter and regularization 
functional. In step d), that combination of regularization 
parameter and regularization functional is then provided for 
Which the difference of the calculated spatial distribution 
from the spatial test distribution is smallest. This procedure 
leads to reconstructed images of further improved quality. 
The transfer function is represented as the transfer matrix 

and a singular value decomposition is applied to the transfer 
matrix. By virtue of the singular value decomposition, the 
transfer matrix is decomposed into a ?rst matrix, a diagonal 
matrix and a second matrix. If the spatial test distribution is 
reconstructed a number of times using different combinations 
of regularization parameter and regularization functional, the 
same ?rst matrix, the same diagonal matrix and the same 
second matrix are used for each of these reconstructions. The 
diagonal matrix can be inverted easily, that is to say With a loW 
calculation complexity. In particular, the calculation com 
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plexity is lower than the calculation complexity for inverting 
the transfer matrix. This ability to be easily inverted usually 
leads, as explained in more detail beloW, to a loWer calcula 
tion complexity When reconstructing the spatial test distribu 
tion for a combination of regularization parameter and regu 
larization functional, as a result of Which the calculation 
complexity for providing the regularization parameter and the 
regularization functional in step d) is further reduced. 

An improved image quality compared to the prior art is also 
achieved if the regularization parameter is equal to zero, 
Wherein such an embodiment has the advantage that the cal 
culation complexity for reconstructing an image of the spatial 
distribution of magnetic particles is reduced. 

Prior to the reconstruction in step d), the real measured 
values recorded in step c) are transformed, in particular by 
means of a Fourier transformation, in such a manner that the 
number of transformed real measured values is smaller than 
the number of real measured values recorded in step c). This 
is useful for example When the recorded real measured values 
have only a certain bandWidth, e. g. on account of ?lter prop 
erties of the measurement system, so that, folloWing a Fourier 
transformation, some Fourier-transformed real measured val 
ues are so small that they cannot be distinguished from the 
noise of the measurement system and can be omitted in the 
folloWing steps according to the invention. The transforma 
tion preferably comprises a Fourier transformation of the real 
measured values and a subsequent omission of Fourier-trans 
formed real measured values Which are so small that they 

cannot be distinguished from the noise of the measurement 
system. Such a reduction in the number of measured values 
leads to a further reduction in the calculation complexity 
during the reconstruction in step d). 

It is also described the recorded measured values may be 
transformed in such a manner that in step d) a transfer func 
tion can be provided Which is easier to invert, i.e. With a loWer 
calculation complexity, than a transfer function Which Would 
be provided if the measured values Were not transformed. One 
transfer function can be inverted With a loWer calculation 

complexity than another transfer function if a computer 
requires less time for inverting one transfer function than for 
inverting the other transfer function. The transformation of 
the measured values affects the appearance of the transfer 
matrix since the transfer matrix describes hoW measured val 
ues are generated from the spatial distribution of magnetic 
particles Which exists in the examination area. The transfer 
matrix thus depends directly on the representation of the 
recorded real measured values, so that, by suitably selecting 
the transformation of the measured values, in step d) a transfer 
matrix can be provided Which is more easily inverted, for 
example since it comprises more non-diagonal elements 
Which are equal to zero than a transfer matrix Which can be 

provided if the measured values are not transformed. As a 

result, as Will be explained in more detail beloW, the calcula 
tion complexity is further reduced. 

When use is made of transformed real measured values, a 
transfer function can be determined and provided in a manner 

Which is easy to carry out and With a loW calculation com 

plexity. 
A method by means of Which the sum can be minimized 

With a loW calculation complexity. 
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4 
Firstly, a preliminary transfer matrix is provided. Then, a 

product matrix is formed from this preliminary matrix and a 
transformation matrix, Wherein the transformation matrix is 
designed in such a Way that the product matrix can be more 
easily inverted than the preliminary transfer matrix, i.e. With 
a loWer calculation complexity, since it comprises for 
example more non-diagonal elements Which are equal to 
zero. In the subsequent reconstruction, the more easily invert 
ible product matrix is then provided as the transfer matrix, 
and this leads to a further reduction in the calculation com 

plexity. 
In the embodiment, the preliminary transfer function is 

determined and provided in a manner Which is easy to carry 
out and With a loW calculation complexity. 
An apparatus for carrying out the method according to the 

invention and a computer program for controlling an appara 
tus are discribed. 

The invention Will be further described With reference to 
examples of embodiments shoWn in the draWings to Which, 
hoWever, the invention is not restricted. 

FIG. 1 shoWs a schematic diagram of an apparatus accord 
ing to the invention for carrying out the method according to 
the invention. 

FIG. 2 shoWs one of the magnetic particles present in the 
examination area. 

FIG. 3 shoWs a ?eld line course of a ?rst, temporally 
constant magnetic ?eld in the apparatus of FIG. 1. 

FIG. 4 shoWs a block diagram of the apparatus of FIG. 1. 
FIG. 5 shoWs a How chart of a method according to the 

invention. 
FIG. 1 shoWs one embodiment of an apparatus 9 according 

to the invention. An object, in this case a patient 1, is located 
on a patient table 2. Inside the patient 1, for example in the 
gastrointestinal tract, and in an examination area of the appa 
ratus 9 there are magnetic particles Which have been admin 
istered to the patient for example in a liquid or semisolid form. 
As Will be explained in more detail beloW, the size of the 
examination area depends in particular on the magnetic ?elds 
and magnetic particles used. 
One magnetic particle is shoWn in FIG. 2. It comprises a 

spherical substrate 100, for example made of glass, Which is 
coated With an eg 5 nm-thick soft-magnetic layer 101 Which 
consists for example of an iron-nickel alloy (e.g. Permalloy). 
This layer may be covered for example by a top layer 102 
Which protects the particles against acid. The strength of the 
magnetic ?eld Which is required to saturate the magnetization 
of such particles depends on the diameter of the latter. To this 
end, a magnetic ?eld of l mT is required for a diameter of 10 
um Whereas a magnetic ?eld of 100 HT is su?icient for a 
diameter of 100 um. If a coating having a loWer saturation 
magnetization than Permalloy is selected, the magnetic ?eld 
Which is required for saturation is of course further reduced. 

For the sake of simplicity, the magnetic ?eld strengths 
mentioned Within the context of the invention are given in 
Tesla. This is not quite correct since Tesla is the unit for 
magnetic ?ux density. In order to obtain the respective mag 
netic ?eld strength, the value speci?ed in each case must be 
divided by the magnetic ?eld constant no. 
The invention is not restricted to the magnetic particle just 

described. Rather, the method according to the invention can 
be carried out using any magnetic particle Which has a non 
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linear magnetization characteristic, that is to say in Which the 
course of the magnetization of the magnetic particle as a 
function of a magnetic ?eld strength acting on the particle is 
non-linear. 

Use may also be made of so-called monodomain particles 
of ferromagnetic or ferrimagnetic material. These particles 
have dimensions in the nanometer range and are so small that 

no magnetic domains or Weiss’ domains can form therein. 

These particles may be injected into a patient’s bloodstream 
in a suitable colloidal dispersion. Such dispersions are 
already injected as contrast agents in the magnetic resonance 
sector (MR sector). The magnetic particles used there have a 
size of 5 to 10 nm. However, this size is not optimal for the 
method according to the invention since the magnetic ?eld 
strength required for saturation decreases With the third 
poWer of the particle diameter. The magnetic particles should 
therefore be as large as possible but not so large that magnetic 
domains can form. Depending on the magnetic material, the 
optimal size of a magnetic monodomain particle lies betWeen 
20 and 800 nm. One material suitable for monodomain par 

ticles is for example magnetite (Fe3O4). Such particles can be 
inhaled for example for lung examinations. 

Within the context of the invention, the expression “mag 
netic particles” also comprises particles Which can be mag 
netized. 

Located above and beloW the patient 1 is a ?rst coil pair 3a, 
3b (?rst magnetic means) Which comprises tWo identical coils 
3a, 3b arranged coaxially above and beloW the patient 1 (cf. 
FIG. 1), Which coils are ?oWed through by currents of iden 
tical magnitude but in opposite directions and generate a ?rst, 
temporally constant magnetic ?eld. The ?rst magnetic ?eld is 
shoWn by the ?eld lines 300 in FIG. 3. In the direction of the 
common coil axis 8, it has an almost constant gradient, 
Wherein it reaches a zero value at one point on this coil axis. 

Starting from this ?eld-free point, the magnetic ?eld strength 
increases in all spatial directions as the distance from the 
?eld-free point increases. In a ?rst part-region 301, Which is 
shoWn in dashed line in FIG. 3 and is arranged around the 
?eld-free point, the magnetic ?eld strength of the ?rst mag 
netic ?eld is so loW that the magnetization of magnetic par 
ticles located there is not saturated. In a second part-region 
302 on the other hand, Which lies outside the ?rst part-region 
301, the magnetization of the magnetic particles is saturated. 

The ?rst part-region 301 of the ?rst magnetic ?eld can be 
shifted in the examination area by means of a second, tem 
porally variable magnetic ?eld Which is superposed on the 
?rst magnetic ?eld. 

The movement and dimensions of the ?rst part-region 301, 
the magnetic properties and the distribution of the magnetic 
particles determine the size of the examination area. The 
examination area covers every area of the object to be exam 

ined, i.e. of the patient 1 for example, Which has magnetic 
particles the magnetization of Which is changed on account of 
the change in position of the ?rst part-region 301. 

Three further coil pairs (second magnetic means) are pro 
vided for generating the second, temporally variable mag 
netic ?eld. The coil pair 4a, 4b generates a magnetic ?eld 
component of the second magnetic ?eld Which runs in the 
direction of the coil axis 8 of the ?rst coil pair 3a, 3b. For this 
purpose, the coils 4a, 4b are ?oWed through in the same 
direction by currents of identical magnitude. In principle, the 
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6 
effect Which can be achieved by the coil pair 4a, 4b can also 
be achieved by superposing currents of the same direction on 
the identical currents of opposite direction in the ?rst coil pair 
3a, 3b, as a result of Which the current decreases in one coil 
pair and increases in the other coil pair. 

In order to generate magnetic ?eld components of the 
second magnetic ?eld in directions oriented perpendicular to 
the coil axis ofthe coil pair 3a, 3b, use is made oftWo further 
coil pairs 5a, 5b and 6a, 6b. These coil pairs 5a, 5b and 6a, 6b, 
like the coil pairs 3a, 3b and 4a, 4b, could be of the Helmholtz 
type, but then the examination area Would be surrounded by 
the coil pairs in all three spatial directions and as a result 
access to the examination area Would be made more di?icult. 

The coils 5a, 6a are therefore arranged above the patient 1 and 
the coils 5b, 6b are arranged beloW the patient 1. The coils 5a, 
5b generate a magnetic ?eld component the direction of 
Which is oriented perpendicular to the coil axis 8. Moreover, 
the coils 6a, 6b generate a magnetic ?eld component the 
direction of Which is oriented perpendicular to the coil axis 8 
and perpendicular to the direction of the magnetic ?eld com 
ponent generated by the coil pair 5a, 5b. The coils 5a, 5b, 6a, 
6b therefore generate magnetic ?eld components Which are 
oriented perpendicular to their coil axis. Such coils are not of 
the Helmholtz type and are knoWn from magnetic resonance 
devices With open magnets (“open MRI”), in Which a high 
frequency coil pair Which can generate a horizontal, tempo 
rally variable magnetic ?eld is located above and beloW the 
patient. The design ofthese knoWn coils 5a, 5b, 6a, 6b Will not 
be discussed in any greater detail here. 
The coil pairs 4a, 4b . . . 6a, 6b therefore generate the 

temporally variable, second magnetic ?eld, by means of 
Which the ?rst part-region 301 of the ?rst magnetic ?eld can 
be moved in the examination area, Which in this case is 
three-dimensional but may alternatively also be one-dimen 
sional or tWo-dimensional. The movement of the ?rst part 
region 301 in the examination area leads to a change in the 
magnetization of the magnetic particles 102, as a result of 
Which signals are induced in a suitable receiving coil. The 
relationship betWeen the movement of the ?rst part-region 
301 and the changing magnetization of the magnetic particles 
and the resulting induced signals is discussed in more detail in 
DE 101 51 778, to Which reference is hereby made. 

FIG. 1 schematically shoWs a receiving coil 7 (recording 
means) Which is adapted such that signals (real measured 
values) can be induced in the receiving coil 7 on account of a 
changing magnetization in the examination area. In principle, 
any of the ?eld-generating coil pairs 3a, 3b . . . 6a, 6b could 

also be used for this purpose. One or more separate receiving 
coils 7 nevertheless have the advantage that they can be 
arranged and sWitched independently of the ?eld-generating 
coils 3a, 3b . . . 6a, 6b and lead to an improved signal-to-noise 

ratio. The induction of signals in the receiving coil 7 on 
account of the change in magnetization of the magnetic par 
ticles 102 is described in more detail in DE 101 51 778. 

If the change in magnetization is to be detected in all three 
spatial directions, at least one receiving coil is required for 
each spatial direction, Which receiving coil can receive the 
corresponding directional component of the change in mag 
netization. 

FIG. 4 shoWs a block diagram of the apparatus 9 shoWn in 
FIG. 1. The coil pair 3a, 3b is shoWn schematically in FIG. 4 
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and bears the reference 3 for the sake of clarity. The same 
applies in respect ofthe coil pairs 4a, 4b . . . 6a, 6b. 

The coil pair (?rst magnetic means) 3 is supplied With a DC 
current from a controllable current source 31, said current 

source being controlled by the control unit 10. The control 
unit 10 is connected to a computer 12 Which comprises a 
monitor 13 for displaying the distribution of magnetic par 
ticles in the examination area and an input unit 14, for 
example a keyboard 14. 

The coil pairs (second magnetic means) 4, 5, 6 are con 
nected to current ampli?ers 41, 51, 61, from Which they 
receive their currents. The current ampli?ers 41, 51, 61 are in 
turn in each case connected to anAC current source 42, 52, 62 

Which de?nes the temporal course of the currents Ix, Iy, IZ to be 
ampli?ed. The AC current sources 42, 52, 62 are controlled by 
the control unit 10. 

The receiving coil (recording means) 7 is also shoWn sche 
matically in FIG. 4. The signals induced in the receiving coil 
7 are fed to a ?lter unit 71, by means of Which the signals are 
?ltered. The aim of this ?ltering is to separate measured 
values, Which are caused by the magnetiZation in the exami 
nation area Which is in?uenced by the change in position of 
the tWo part-regions (301, 302), from other, interfering sig 
nals. To this end, the ?lter unit 71 may be designed for 
example such that signals Which have temporal frequencies 
that are smaller than the temporal frequencies With Which the 
coil pairs 4, 5, 6 are operated, or smaller than tWice these 
temporal frequencies, do not pass the ?lter unit 71. The sig 
nals are then transmitted via an ampli?er unit 72 to an analog/ 

digital converter 73 (ADC). The digitaliZed signals produced 
by the analog/digital converter 73 are fed to an image pro 
cessing unit (reconstruction means) 74, Which reconstructs 
the spatial distribution of the magnetic particles from these 
signals and the respective position Which the ?rst part-region 
301 of the ?rst magnetic ?eld in the examination area 
assumed during receipt of the respective signal and Which the 
image processing unit 74 obtains from the control unit 10. 
The reconstructed spatial distribution of the magnetic par 
ticles is ?nally transmitted via the control unit 10 to the 
computer 12, Which displays it on the monitor 13. 

FIG. 5 shoWs the progress of a method according to the 
invention Which can be carried out using the apparatus as 
shoWn in FIG. 1. 

FolloWing the initialiZation in step 101, the coils 3a, 3b 
generate the ?rst magnetic ?eld comprising the tWo part 
regions 301 and 302. 

In step 102, the position of the tWo part-regions 301 and 
302 in the examination area is changed by the temporally 
variable, second magnetic ?eld. The second magnetic ?eld is 
con?gured such that the ?rst part-region 301 moves along a 
path in the examination area, Which is designed such that the 
entire examination area is covered by the ?rst part-region 301. 
By virtue of the movement of the tWo part-regions 301 and 
302 in the examination area, the magnetiZation of magnetic 
particles in the examination area changes. Prior to the method 
being carried out, these magnetic particles have been intro 
duced into the examination area for example by a patient 
ingesting magnetic particles in semisolid form for the pur 
pose of examining the gastrointestinal tract. The changing 
magnetiZation of the magnetic particles in the examination 
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8 
area leads to induced signals in the receiving coil 7, that is to 
say to real measured values Which are measured by the above 
described apparatus 9. 

Alternatively, the change in spatial position of the tWo 
part-regions 301 and 302 in the examination area could also 
be brought about Without the second magnetic ?eld, by mov 
ing the examination area for example by moving the patient 
table 2 on Which the patient 1 is located. Furthermore, the 
examination area and the tWo part-regions 301 and 302 could 
also be moved simultaneously on account of the second mag 
netic ?eld. It is important that the position of the tWo part 
regions 301 and 302 changes relative to the examination area. 

In step 102, the signals are measured continuously over 
time. In step 103, these signals or real measured values Vt, 
Which are thus time-dependent, are transformed in a so-called 

evaluation space, Which in this case is a frequency space, that 
is to say the recorded measured values Vt are Fourier-trans 
formed and then those Fourier-transformed real measured 
values Which are so small that they cannot be distinguished 
from the noise of the measurement system are omitted. In the 
frequency space, the transformed measured values are 
denoted VE, that is to say Vt denotes a measured value 
recorded at the time t and VE denotes a transformed measured 
value having the frequency 00%. The times t and frequencies 00% 
are referred to as index values, Wherein an index value is 

assigned to each measured value. Each recorded measured 
value Vt is assigned a time t as an index value, and each 
transformed measured value VE is assigned a frequency 00% as 
an index value. 

By virtue of the transformation in the evaluation space, the 
calculation and storage complexity in the folloWing steps 104 
to 105 is reduced. The apparatus 9 according to the invention 
has ?lter properties on account of the electrical components 
used. Furthermore, the bandWidth of recorded real measured 
values is limited by the properties of the magnetic particles, 
for example by their siZe. There are therefore feWer trans 
formed real measured values VE, that is to say Fourier-trans 
formed measured values, Which are so large that they can be 
distinguished from the noise of the measurement system than 
there are non-transformed real measured values Vt, so that the 
calculation complexity is reduced in the folloWing steps in 
Which the transformed real measured values are used. By 
virtue of such a procedure, real measured values Which do not 
help to improve the image quality are not taken into account 
in the reconstruction. 

If the ?lter properties of the overall system, that is to say the 
?lter properties Which are determined by the apparatus 9 
according to the invention and by properties of the magnetic 
particles, are knoWn, for example from measurements Which 
have already been carried out, in other embodiments the 
limited bandWidth of the recorded real measured values could 
be taken into account by not taking account of certain real 
measured values Vt in the folloWing steps, Without a Fourier 
transformation being carried out. If, for example, the highest 
measured frequency can be detected With a temporal sam 

pling rate (measured signals per unit time) Which is only half 
as great as the sampling rate used during the acquisition in 
step 102, in each case tWo temporally adjacent real measured 
values may be replaced by their mean value. Alternatively, it 
is also possible for only every second measured real measured 
value to be taken into account in the folloWing steps. 
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Alternatively, use may be made of any transformation, in 
particular of any linear transformation, Which transforms the 
recorded real measured values in an evaluation space in such 
a Way that the calculation complexity in steps 104 to 107 is 
reduced. This may be effected for example, as described 
above, by using a transformation Which produces trans 
formed real measured values the number of Which is smaller 
than the number of non-transformed real measured values and 
the use of Which in steps 104 to 107 does not lead to a 

reduction in image quality. Use may furthermore be made of 
a transformation Which leads to a transfer function being 

provided Which describes the relationship betWeen the exist 
ing distribution of magnetic particles and the transformed real 
measured values and Which leads to the intermediate matrixA 
described beloW being more easily inverted than an interme 
diate matrix A Which Would exist if the transfer function Were 
to describe the relationship betWeen the existing distribution 
of magnetic particles and the non-transformed real measured 
values. A matrix can be more easily inverted than another 
matrix for example When the calculation complexity of the 
inversion for one matrix is loWer than for the other matrix. 
This easier invertability of the intermediate matrix A exists 
for example When the regularization matrix described beloW 
is unitary and When the real measured values are transformed 
in such a manner that the transfer matrix comprises as many 

non-diagonal elements as possible Which are equal to zero. 
In step 104, a transfer matrix GEJ- is determined for the 

transformed measured values Va. The transfer matrix GE’, 
describes the relationship betWeen the distribution cl. of mag 
netic particles Which exists in the examination area and the 
transformed real measured values VE, Wherein cl- is the con 

a 

centration of magnetic particles at the location xi in the 
examination area: 

VEIGEJ-Ci (1) 

In order to determine the transfer matrix Gal. the magnetic 
particles are removed from the examination area and a delta 

probe is successively positioned at all locations Z, in the 
examination area. A delta probe is a quantity of magnetic 
particles Which is restricted to a spatial area Which is as 
narroW as possible but Which is nevertheless large enough that 
a signal Which can be measured and evaluated is induced in 
the receiving coil in the event of a change in the second 
magnetic ?eld. 
When the delta probe is positioned at a speci?c location 

Z, the part-regions 301 and 302 are moved relative to the 
examination area, in this case by the second magnetic ?eld, in 
the same Way as during the measurement in step 102. The 
signals induced in the receiving coil, that is to say the real 
measured values, are measured and transformed in the evalu 
ation space as in step 103. 

The delta probe can be described by 

c; : (St-1k ck (2) 

Where 

1 for i = k 
éik = . 

' 0 otherwise 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
Wherein ck is the concentration of magnetic particles at the 

a 

location x k When the delta probe is arranged at this position. 
When equation (2) is inserted in equation (1), and once the 
transfer matrix has been transformed, this gives 

(3) 

The individual elements of the transfer matrix can thus be 

i i l 

GEJFVECk 

determined by calculating, for each location x1 at Which the 
delta probe is positioned, the elements GE’k in accordance 
With equation (3), Wherein VE are the real measured values 
transformed in the evaluation space Which Were acquired 
While the delta probe Was located at the respective location 
a 

x k. 

Each matrix element GE’k is assigned an index value 00%, 
and thus also a transformed real measured value VE and a 

a 

location x k in the examination area. A matrix element GE’k of 
the transfer matrix is determined in accordance With equation 

(3) by positioning the delta probe at a location x1 Which is 
assigned to the matrix element and by recording real mea 
sured values Vt as in step 102. The real measured values Vt are 
transformed as in step 103, and each transformed real mea 
sured value VE is assigned an index value 00%, Wherein the 
assigned index value 00% is the frequency of the transformed 
measured value VE. The transformed real measured value VE, 
Which is assigned to the index value 00%, Which is also 
assigned to the matrix element Ggk, is then multiplied by the 
reciprocal value of the concentration of magnetic particles of 
the delta probe. 
The transfer matrix G can also be determined in accor 

dance With the equation Gt,k:VtCk_l if in other embodiments 
the recorded real measured values are not transformed in step 
103. 

If a transfer function for the apparatus 9 is knoWn, for 
example on account of physical considerations, the transfer 
matrix can thus be formed by discretizing the transfer func 
tion. 

If the transfer matrix has been determined for a speci?c 
path on Which the ?rst part-region 301 moves relative to and 
in the examination area, that is to say in this case for a speci?c 
temporally variable second magnetic ?eld, this transfer 
matrix can be used for subsequent measurements and evalu 
ations Which use the same path, so that step 104 can then be 
omitted. 

In step 105, an intermediate matrix A is formed in accor 
dance With the folloWing equation: 

AIGHG+AHHH (4) 

Here, GH is the adjoint transfer matrix, 7» is a regularization 
parameter, H is a regularization matrix and HH is the adjoint 
regularization matrix. 
The intermediate matrix A is formed in order to minimize 

the expression 

W-GQFJFAFG) (5) 

by means of the subsequent steps 106 and 107. This expres 
sion is minimized for example When it assumes a minimum 

a 

value Which may or may not be equal to zero. Here, F( c ) is 
a regularization functional Which is represented by the square 

a a 

of the norm of the regularization matrix, F( c ):||H c 
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a 

Furthermore, V is a measured value vector Which com 

prises as elements the transformed real measured values VE, 

that is to say in this example of embodiment the frequency 

components of the Fourier-transformed measured values hav 
a 

ing the frequencies 00%. Moreover, c is a concentration vector 

Which comprises as elements the concentrations cl- at the 
a 

locations x i. As explained above, the expression denotes 

the norm. 

When the regularization parameter 7» is equal to zero, by 
a a 

minimizing the expression ||V —G c H2 a spatial distribution of 
magnetic particles is determined in such a manner that a 

difference of the recorded real measured values T7) from ?c 

titious measured values G6, Which have been calculated by 
applying the transfer function to the spatial distribution of 
magnetic particles, is minimized. Such a reconstruction 
makes it possible to determine reconstructed images of good 
quality With a calculation complexity Which is loWer than if 

the complete sum according to expression (5) Were to be 
minimized. 

An even better image quality can be obtained When a regu 

larization parameter Which is not equal to zero is selected. 

This is because, on account of the measured value noise, 
different measured values are recorded in different measure 

ments for a given spatial distribution of magnetic particles, so 
that different reconstructed spatial distributions of magnetic 
particles may be obtained When minimizing the expression 

HG-G?“2 for different measurements. If use is made of a 
suitable regularization parameter and of a suitable regulariza 
tion matrix, the reconstruction can be in?uenced such that not 
just any of the various spatial distributions is reconstructed 
but rather one With a good image quality. The regularization 
parameter 7» in this case shoWs the extent of the in?uence of 

the regularization matrix H, that is to say of the regularization 
functional, on the determination of the spatial distribution of 
magnetic particles. 

The regularization matrix H is de?ned in such a manner 

that a spatial distribution of magnetic particles With as good 
an image quality as possible is determined. To this end, use 
may be made of knoWn regularization matrices Which have 
been determined for example before the method according to 
the invention is carried out. 

Regularization parameters 7» and regularization matrices H 
Which lead to good image qualities can be determined for 
example by arranging a knoWn test distribution of magnetic 
particles in the examination area and by measuring signals 
induced according to steps 101 to 107 and reconstructing the 
spatial distribution of magnetic particles. The spatial distri 
bution of magnetic particles is reconstructed a number of 
times using different regularization parameters and regular 
ization matrices, Wherein, for each reconstructed distribution, 
a difference of the reconstructed distribution from the actual 

test distribution is calculated for example in accordance With 
the folloWing equation: 
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(6) Z (or — C02 
1 

Here, cl.W is the actual concentration of magnetic particles at 

the location x1, and cl.’ is the reconstructed concentration at 
the same location. In order to apply the method according to 
the invention to an unknown spatial distribution of magnetic 
particles, use is then made of the combination of regulariza 
tion parameter 7» and regularization matrix H for Which the 
difference of the reconstructed distribution from the actual 
distribution is smallest. 
The regularization parameter 7» preferably lies in the order 

of magnitude of 10's?»O Where 

_ Sp(GH G) (7) 
0 

Wherein the expression Sp( ) describes the trace of a matrix. A 
regularization matrix H Which leads to reconstructed images 
having a good image quality is for example a regularization 
matrix for Which HHHIE, Wherein E is the unit matrix, that is 
to say the regularization matrix is unitary. 

In step 106 the intermediate matrix A is inverted, and in 
step 107 the spatial distribution of magnetic particles is cal 
culated in accordance With the folloWing equation: 

blA’lGHv) (3) 

According to equation (8), the real measured values trans 
formed in the evaluation space are ?rstly represented as a 

a 

measured value V and then multiplied by the transposed 
transfer matrix GH and by the inverse intermediate matrix 

A_l. The resulting concentration vector 8 gives the recon 
structed spatial distribution of magnetic particles in the 
examination area. 

The spatial distribution of magnetic particles Which is cal 
culated in accordance With equation (8) minimizes expres 
sion (5) and thus leads to improved image qualities compared 
to the prior art. In other embodiments, use may be made 
according to the invention of other methods Which determine 
a spatial distribution of magnetic particles for Which expres 
sion (5) is minimized. 

If it is desired to reconstruct the spatial distribution of 
magnetic particles a number of times using different regular 
ization parameters and/or regularization matrices, for 
example in order to determine as described above a combi 

nation of regularization parameter and regularization matrix 
Which leads to a high-quality image of the spatial distribution, 
preferably a singular value decomposition of the transfer 
matrix G is carried out. According to the knoWn singular 
value decomposition, each matrix G can be represented by the 
folloWing equation: 

GIUSBH (9) 

Wherein U and B are determined such that S is a diagonal 
matrix, that is to say for matrix elements siak the folloWing 
applies: sZ-kIO for all i#k. The singular value decomposition 
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and the determination of the matrices U, B and S are known, 
so that no further explanation thereof is given here. The super 
script index H denotes an adjoint matrix. 

Inserting equation (9) into equation (8) and taking account 
of equation (4) leads to 

A calculation of the distribution of magnetic particles in the 
examination area in accordance With equation (10) has the 
advantage that, for different regularization parameters and 
regularization matrices, only the expression (SHS+7»BHHH 
HB)‘l has to be inverted. This expression can be more easily 
inverted than the intermediate matrix if the regularization 
matrices are selected such that the expression BHHHHB com 
prises as feW non-diagonal elements as possible Which are not 
equal to zero. In one preferred embodiment, therefore, in 
order to determine the regularization matrices and the regu 
larization parameters, use is made of regularization matrices 
for Which the expression BHHHHB comprises as feW non 
diagonal elements as possible Which are not equal to zero. 

In step 106, the intermediate matrix AIGH G+7tHH H has to 
be inverted. If the regularization matrix is selected such that 
HHHIE, the regularization matrix affects only the diagonal 
elements of the intermediate matrix, so that the regularization 
contribution does not make the inversion of the intermediate 
matrix more difficult. HoWever, the inversion of the interme 
diate matrix by the expression GHG may be very complex in 
terms of calculation, particularly if GHG has many non-di 
agonal elements. In order to reduce this calculation complex 

_> 

ity, the concentration vector c can be described by the fol 
loWing equation: 

c :Gl q (11) 

a 

That is to say that the concentration vector c is developed in 
accordance With a neW set of basic vectors Which are the 
columns of a transformation matrix G1, that is to say the 

a 

concentration vector c is transformed from a space Which is 
a 

covered by the individual locations xi in the examination 
area into a space Which is covered by these basic vectors. 

a 

Here, the vector q describes a dependence distribution 

since the vector E) is dependent on the spatial distribution 8 
of magnetic particles in the examination area. If the transfor 
mation matrix is the same as the unit matrix, the dependence 
distribution is the same as the spatial distribution of magnetic 
particles. 
When equation (1 l) is inserted into (1), the folloWing is 

obtained: 

7:665:62: Where GZIGGI (12) 

The original transfer matrix has therefore been replaced by a 
transformed transfer matrix G2. The intermediate matrix is 
noW accordingly A:G2HG2+}\,HHH. Such a representation of 
the intermediate matrix A has the advantage that the transfor 
mation matrix G 1 can be de?ned in such a Way that the 
inversion of the intermediate matrix A in step 106 is possible 
With a reduced calculation complexity, for example When the 
regularization matrix is the unit matrix, by de?ning the trans 
formation matrix G 1 such that the matrix product G2HG2 has 
as many non-diagonal elements as possible Which are equal to 
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zero, so that the matrix product can be easily inverted. This is 
the case in particular When the adjoint transfer matrix GH is 
used as the transformation matrix G1. 

In one embodiment according to the invention, Which uses 

equation (12), ?rstly steps 101 to 104 are carried out, as 
described above, Wherein the transfer matrix G determined in 
step 104 is a preliminary transfer matrix. In step 105, a trans 
formation matrix G1 is then determined such that the inter 
mediate matrix AIG2HGZ+KHHH can be inverted in step 106 
With a loW calculation complexity. This may be achieved for 
example, When the regularization matrix is selected such that 
HHHIE, by selecting a transformation matrix such that the 
product matrix GGl has as many non-diagonal elements as 
possible Which are zero. In particular, the transformation 
matrix is selected such that the product matrix can be inverted 
With a loWer calculation complexity then the preliminary 
matrix. Once the intermediate matrix has been inverted, 

a 

?rstly the vector q is determined in step 107 in accordance 
a a 

With the equation q :A_1G2HV, Whereupon the concentra 
tion of the magnetic particles in the examination area is cal 
culated in accordance With equation (1 1). 
Once the adj oint transfer matrix GH has been determined 

and the intermediate matrix has been inverted for a given 
transformation of the measured values in step 103 and a given 
movement of the ?rst part-region 301 relative to and in the 

examination area, that is to say for a given, temporally vari 

able second magnetic ?eld, in subsequent measurements 
Which in step 103 use the same transformation of the mea 

sured values and the same movement of the ?rst part-region 
301 relative to and in the examination area, folloWing the 
transformation in step 103 the concentration distribution of 
magnetic particles in the examination area can be determined 

a a 

directly in accordance With equation (8) c :A_lGH V , that is 
to say the calculation-intensive steps 104 to 106 are then no 

longer necessary. 
The regularization parameter and the regularization func 

tional may be different for different applications. For 
example, they may have different values for an examination 
of a gastrointestinal tract, in Which use may be made of a very 
large number of magnetic particles, than for an examination 
in Which feWer magnetic particles are used. 

In order to determine different regularization parameters 
and regularization functionals for different applications, the 
regularization functionals can be represented as regulariza 
tion matrices, and different test distributions of magnetic 
particles Which are adapted to the respective application are 
provided. As described above, in each case a combination of 
regularization parameter and regularization functional Which 
leads to high-quality reconstructed images is determined for 
each of these test distributions. Then, for each application 
using the respective determined combination of regulariza 
tion parameter and regularization functional, the inverse 
intermediate matrix and the transposed transfer matrix are 
determined and stored for example in the reconstruction unit. 
Once the intermediate matrix and the transposed transfer 
matrix have in each case been determined and stored for 
different applications, in a subsequent measurement the 
inverse intermediate matrix and transposed transfer matrix 
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determined for the respective application can then be used 
directly to reconstruct an image of the examination area in 
accordance With equation (8). 
A test distribution Which can be used for examinations of 

the gastrointestinal tract is for example a test distribution 
Which has a quantity and density of magnetic particles Which 
corresponds to a quantity and density required to completely 
?ll an examination area of the gastrointestinal tract. In other 

applications, use may be made of test distributions Which 
have accordingly feWer magnetic particles. 

The invention claimed is: 
1. A method of determining a spatial distribution of mag 

netic particles (102) in an examination area, comprising the 
steps 

a) generating a ?rst, temporally constant magnetic ?eld 
With a spatial course of the magnetic ?eld strength such 
that in the examination area there is a ?rst part-region 
(301) having a relatively loW magnetic ?eld strength and 
a second part-region (302) having a relatively high mag 
netic ?eld strength, 

b) changing the spatial position of the tWo part-regions 
(301, 302) in the examination area so that the magneti 
zation of the particles (102) changes locally, 

c) recording real measured values Which depend on the 
magnetization in the examination area, said magnetiza 
tion being in?uenced by the change in position of the 
tWo part-regions (301, 302), 

d) reconstructing the spatial distribution (6) of magnetic 
particles in the examination area from the real measured 
values, by means of the folloWing steps: 

providing a transfer function Which, applied to a depen 
dence distribution Which depends on a spatial distribu 

tion (6) of magnetic particles, supplies ?ctitious mea 
sured values, and also providing a regularization 
parameter (7») and a regularization functional (P) which 
can be applied to a dependence distribution Which 

depends on a spatial distribution (6) of magnetic par 
ticles, 

determining a dependence distribution Which depends on a 
a 

spatial distribution ( c ) of magnetic particles, such that 
a sum Which comprises as summands 

a 

i) the difference of the real measured values (V) from 
?ctitious measured values Which are determined by 
applying the transfer function to the dependence distri 
bution, and 

ii) the product of the regularization parameter (7») and of a 
regularization value Which is determined by applying 
the regularization functional (F) to the dependence dis 
tribution, is minimized, 

e) determining using a processor, the spatial distribution 

(6) of magnetic particles from the determined depen 
dence distribution. 

2. A method as claimed in claim 1, characterized in that the 
dependence distribution, Which depends on a spatial distribu 
tion of magnetic particles, is the spatial distribution of mag 
netic particles itself. 

3. A method as claimed in claim 2, characterized in that 
i) each real measured value (Vt) is assigned an index value 

(I), 
ii) the transfer function is represented by a transfer matrix 

(G) comprising matrix elements (Gtk), Wherein each 
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matrix element (Gtk) is assigned an index value (t) of a 

a 

real measured value (Vt) and a location (x k) in the 
examination area, and 

iii) the transfer matrix (G) is provided by determining each 
matrix element (Gtak) of the transfer matrix (G) by means 
of the folloWing steps: 

positioning a delta probe of magnetic particles at the loca 

tion (x1) Which is assigned to the respective matrix 
element (Gtk), 

carrying out steps a) to c), 
assigning the index values (t) to the real measured values 

(Vt): 
forming the product from the real measured value (Vt) 

Which is assigned to the index value (t) Which is assigned 
to the respective matrix element (Gtk) and from the 
reciprocal value of the concentration (ck) of magnetic 
particles of the delta probe, Wherein the product is the 
matrix element (Gtk). 

4. A method as claimed in claim 1, characterized in that 
providing the regularization parameter (7») and the regulariza 
tion functional (F) comprises the folloWing steps: 

i) providing a spatial test distribution of magnetic particles 
in the examination area, 

ii) carrying out steps a) to d), Wherein different combina 
tions of regularization parameter and regularization 
functional are provided in step d) so that in each case a 
spatial distribution of magnetic particles is recon 
structed for each of these combinations, 

iii) determining in each case a difference of the spatial test 
distribution of magnetic particles from the spatial distri 
bution of magnetic particles calculated for the respective 
combination, 

iv) providing that combination of regularization parameter 
and regularization functional for Which the difference 
determined in step iii) is smallest. 

5. A method as claimed in claim 4, characterized in that the 
transfer function is represented as the transfer matrix (G), to 
Which a singular value decomposition is applied so that the 
transfer matrix is decomposed into a ?rst matrix (U), a diago 
nal matrix (S) and a second matrix (BH), Wherein, instead of 
the transfer matrix (G), the same ?rst matrix (U), the same 
diagonal matrix (S) and the same second matrix (BH) are used 
for each combination of regularization parameter (7») and 
regularization functional (F) for reconstructing the spatial 
distribution of magnetic particles. 

6. A method as claimed in claim 1, characterized in that the 
regularization parameter (7») is equal to zero. 

7. A method as claimed in claim 1, characterized in that the 
real measured values (V t) are transformed into transformed 
real measured values (VE) prior to the reconstruction, in par 
ticular by means of a Fourier transformation, in such a manner 
that the number of transformed real measured values (V E) is 
smaller than the number of non-transformed real measured 
values (V t) and/or in such a manner that a transfer function 
can be provided Which is easier to invert than a transfer 
function Which Would be provided if the real measured values 
Were not transformed, and in that the transformed real mea 
sured values (VE) are used in the reconstruction in step d). 

8. A method as claimed in claim 7, characterized in that 

i) each transformed real measured value (V E) is assigned an 
index value (00%), 

ii) the transfer function is represented by a transfer matrix 
(G) comprising matrix elements (Ggk), Wherein each 
matrix element (Ggak) is assigned an index value (00%) of 
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a transformed real measured value (VE) and a location ( 
a 

x k) in the examination area, and 

iii) the transfer matrix (G) is provided by determining each 
matrix element (Ggak) of the transfer matrix (G) by 
means of the following steps: 

positioning a delta probe of magnetic particles at the loca 
a 

tion (x k) Which is assigned to the respective matrix 
element (Ggk), 

carrying out steps a) to c), 
transforming the real measured values into transformed 

real measured values (VE), 
assigning the index values (00%) to the transformed real 
measured values (V E), 

forming the product from the transformed real measured 
value (VE) Which is assigned to the index value (00%) 
Which is assigned to the respective matrix element (Ggk) 
and from the reciprocal value of the concentration (c k) of 
magnetic particles of the delta probe, Wherein the prod 
uct is the matrix element (Ggk). 

9. A method as claimed in claim 1, characterized in that the 
regulariZation functional (F) applied to a dependence distri 
bution can be represented by the square of the norm of a 
dependence distribution vector, Which describes the depen 
dence distribution, multiplied by a regulariZation matrix (H), 
in that the transfer function can be represented by a transfer 
matrix (G), and in that determining the dependence distribu 
tion in step d) comprises the folloWing steps: 

determining an intermediate matrix (A) as the sum of i) the 
product of the adjoint transfer matrix (GH) With the 
transfer matrix (G) and ii) the product of the regulariza 
tion parameter (7») With the product of the adjoint regu 
lariZation matrix (HH) With the regulariZation matrix 
(H), 

inverting the intermediate matrix (A) and forming the 
matrix product from the inverted intermediate matrix 
(A_l) and the adjoint transfer matrix (GH), 

determining the dependence distribution vector by multi 
plying the forrned matrix product from the inverted 
intermediate matrix (A‘ l) and the adj oint transfer matrix 

(GH) by a measured value vector (6) Which comprises 
values dependent on the real measured values and in 
particular the real measured values themselves. 

10. A method as claimed in claim 1, characterized in that 
step d) comprises the folloWing steps: 

providing a preliminary transfer matrix (G) Which, applied 
a 

to a given spatial distribution ( c ) of magnetic particles, 
supplies ?ctitious measured values, 

providing a transformation matrix (G1) Which, applied to a 
a 

dependence distribution ( q ), supplies a spatial distribu 

tion (6) of magnetic particles and Which is adapted such 
that the product of the preliminary transfer matrix (G) 
With the transformation matrix (G1) can be inverted 
more easily than the preliminary transfer matrix (G), 

providing a transfer matrix (G2) as the transfer function, 
Wherein a product matrix (GGl) is formed by multiply 
ing the preliminary transfer matrix (G) With the trans 
formation matrix (Gl) and Wherein the product matrix 
(GGl) is provided as the transfer matrix (G2), 

a 

determining a dependence distribution ( q ) such that a sum 
Which comprises as summands 
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i)the difference of the real measured values from ?ctitious 

measured values Which are determined by applying the 

transfer matrix (G2) to the dependence distribution (K), 
and 

ii) the product of the regulariZation parameter (7») and of a 
regulariZation value Which is determined by applying 

the regulariZation functional (F(q>)) to the dependence 

distribution (Z), is minimized, 

determining the spatial distribution (6) of magnetic par 
ticles by applying the transformation matrix (G1) to the 

dependence distribution 
11. A method as claimed in claim 10, characteriZed in that 
i) each real measured value (Vt) is assigned an index value 

(I), 
ii) the preliminary transfer matrix (G) comprises matrix 

elements (Gt k), Wherein each matrix element (Gt k) is 
assigned an index value (t) of a real measured value, (Vt) 

and a location (x1) in the examination area, and 
iii) each matrix element (Gtk) of the preliminary transfer 

matrix (G) is determined by means of the folloWing 
steps: 

positioning a delta probe of magnetic particles at the loca 
a 

tion (x k) Which is assigned to the respective matrix 
element (Gtk), 

carrying out steps a) to c), 
assigning the index values (t) to the real measured values 

(Vt), 
forming the product from the real measured value (Vt) 

Which is assigned to the index value (t) Which is assigned 
to the respective matrix element (Gtk) and from the 
reciprocal value of the concentration (Ck) of magnetic 
particles of the delta probe, Wherein the product is the 
matrix element (Gtk). 

12. An apparatus for carrying out the method as claimed in 
claim 1, comprising 

at least one ?rst magnetic means (311, 3b) for generating a 
?rst, temporally constant magnetic ?eld With a spatial 
course of the magnetic ?eld strength such that in the 
examination area there is a ?rst part-region (301) having 
a relatively loW magnetic ?eld strength and a second 
part-region (3 02) having a relatively high magnetic ?eld 
strength, 

means, in particular at least one second magnetic means 
(411, 4b, 5a, 5b, 6a, 6b) for changing the spatial position 
of the tWo part-regions (301, 302) in the examination 
area so that the magnetiZation of the particles changes 
locally, 

at least one recording means (7) for recording real mea 
sured values Which depend on the magnetiZation in the 
examination area, said magnetiZation being in?uenced 
by the change in spatial position of the tWo part-regions 
(301, 302), 

at least one reconstruction means (74) for reconstructing 

the spatial distribution (6) of magnetic particles in the 
examination area from the real measured values, 

a control unit (10) for controlling the at least one ?rst 
magnetic means (311, 3b), the means (411, 4b, 5a, 5b, 6a, 
6b) for changing the spatial position of the tWo part 
regions, the at least one recording means (7) and the at 
least one reconstruction means (74) in accordance With 
the steps of claim 1. 
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13. A computer program for a control unit (10) for control 
ling the at least one ?rst magnetic means (311, 3b), the means 
(411, 4b, 5a, 5b, 6a, 6b) for changing the spatial position of the 
tWo part-regions, the at least one recording means (7) and the 
at least one reconstruction means (74) of an apparatus as 
claimed in claim 12 for carrying out the method of determin 
ing a spatial distribution of magnetic particles (102) in an 
examination area, comprising the steps 

a) generating a ?rst, temporally constant magnetic ?eld 
With a spatial course of the magnetic ?eld strength such 
that in the examination area there is a ?rst part-region 
(301) having a relatively loW magnetic ?eld strength and 
a second part-region (302) having a relatively high mag 
netic ?eld strength, 

b) changing the spatial position of the tWo part-regions 
(301, 302) in the examination area so that the magneti 
Zation of the particles (102) changes locally, 

c) recording real measured values Which depend on the 
magnetiZation in the examination area, said magnetiZa 
tion being in?uenced by the change in position of the 
tWo part-regions (301, 302), 

a 

d) reconstructing, the spatial distribution ( c ) of magnectic 
particles in the examination area from the real measured 
values, by means of the folloWing steps: 

20 

20 
providing a transfer function Which, applied to a depen 

dence distribution Which depends on a spatial distribu 

tion (?) of magnetic particles, supplies ?ctitious mea 
sured values, and also providing a regulariZation 
parameter (7») and a regularization functional (P) which 
can be applied to a dependence distribution Which 

a 

depends on a spatial distribution ( c ) of magnetic par 
ticles, 

determining a dependence distribution Which depends on a 
a 

spatial distribution ( c ) of magnetic particles, such that 
a sum Which comprises as summands 

i) the difference of the real measured values (6) from 
?ctitious measured values Which are determined by 
applying the transfer function to the dependence distri 
bution, and 

ii) the product of the regulariZation parameter (7») and of a 
regulariZatlon value Which is determined by applying 
the regulariZation functional (F) to the dependence dis 
tribution, is minimized, 

a 

e) determining the spatial distribution (c) of magnetic 
particles from the determined dependence distribution. 

* * * * * 


